Introduction
Iatrogenic arteriovenous fistula (AVF) is usually caused by inappropriate blood vessel cannulation during diagnostic and interventional procedures [1] [2] [3] . Arteriovenous fistulas occur in 1.0-1.5% of cases following procedures with femoral access (FA) [1, 4, 5] . Iatrogenic fistulas are unintentional connections between an artery and a vein due to the needle being advanced too deeply and reaching the vein lumen, resulting in a constant flow of blood between the artery and the vein. Arteriovenous fistulas sometimes coexist with pseudoaneurysms (PAS) [6, 7] . Arteriovenous fistulas are characterized by a high-gradient blood flow through the fistula from artery to vein (Figures 1 B and C). There are three types of AVF. The most frequent type is an AVF in which the fistula is only an anastomosis between the lumen of the artery and the vein. Another type is a pseudochannel varying in length between the two vessels ( Figures 1 A and C) . The third type is an AVF (a channel or anastomosis) with an accompanying PAS. Several therapeutic strategies have been developed to treat iatrogenic arteriovenous fistulas. Most frequently, but not in all cases, it is insertion of a stent graft [8, 9] . A rare occurrence of this complication may be the main obstacle in developing simple treatment strategies, and even large-volume interventional centres use different approaches to treat AVFs. Bearing in mind the advantages and disadvantages of the available strategies, we developed a simple, cost-effective and safe technique to treat an arteriovenous fistula with a channel-type connection.
Material and methods
This experimental study was approved by the Bioethics Committee of the Local Chamber of Physicians. Written informed consent was obtained from each patient after a detailed explanation of the procedure. All patients with a channel-type AVF were followed up for 3 weeks after the initial diagnosis. Those who had the AVF patent underwent AVF closure. A total of 6 patients were included. Basic clinical characteristics are summarized in Table I . In 4 cases AVF was between the superficial femoral artery and the great saphenous vein, and in 2 cases it was between the common femoral artery and the great saphenous vein. The length of the connection ranged from 30 to 55 mm, and it had a tortuous course. During Doppler ultrasound the proximal end of the connection, i.e. the outflow of blood from the artery to the fistula (Figure 1 B) , and the distal end, i.e. the outflow of blood from the fistula to the vein (Figure 1 C) , were indentified. The idea behind our technique is to perform a compression near the fistula using biological materials with density higher than the density of physiological saline. First, the patient's blood was collected into a 5 ml syringe. A dose of 20 IU of bovine thrombin solution was drawn into another 5 ml syringe, which was then filled with the patient's blood from the first syringe to initiate the formation of a clot, which was ready to use in a short time. Needles had a minimum cross diameter of 1 mm; otherwise application of the clot might have been difficult. Blood clots were prepared immediately before injection when they were very elastic and easy to apply with a needle. The clots were injected at the site most distant from the neighbouring blood vessels and closest to the fistula (Figure 1 E) within several minutes after mixing thrombin with blood. The location of the needle tip was monitored during the procedure by moving the needle with short vibrating movements. The volume of the injected clot was equivalent to about 5 ml of blood prior to coagulation. 
Results
All clot injections resulted in fistula closure without complications. Each patient reported a slight distension sensation at the injection site. No inflammatory reaction was observed. The 12-month follow-up was uneventful.
Discussion
Complications associated with femoral access, irrespective of their morphological type, always pose a problem, especially when occurring sporadically. Arteriovenous fistula is a rare complication, especially AVF with a pseudochannel. Unfortunately, most iatrogenic AVFs occur in patients after cardiac catheterization [10, 11] . Some patients, especially after interventional procedures, must receive antiplatelet agents. For this reason surgical treatment is associated with increased risk of bleeding. Endovascular stent graft placement is another recommended treatment strategy [9] . Despite expected benefits, this strategy is associated with a significant risk of thrombosis; therefore stent grafts are used only when the AVF communicates with a large artery such as the femoral artery. Other techniques include coil implantation and percutaneous injection of substances to obliterate fistulas [12] . Direct mechanical compression using the ultrasound probe or pressure dressing was attempted previously [8] ; however, due to several drawbacks (long procedure time, discomfort, superficial thrombophlebitis risk) [13] it is no longer applied. Our strategy of ultrasound-guided clot injection near the fistula may be worth considering in patients with AVF and a distinct connection channel. It is simple, cheap, effective and patient friendly. This technique for AVF closure has not been described in the literature, although treatment with injections of physiological saline solution has already been reported. The procedure of internal compression was attempted in patients with pseudoaneurysms, but it has not gained popularity. In our centre we have made two attempts to treat AVF using internal compression with physiological saline. However, the procedure was unsuccessful and painful for the patients because of high volume saline injections. The reason was low density of saline solution, which easily diffused into surrounding subcutaneous tissue and did not produce effective compression. Moreover, the volume of saline solution is several times larger than the volume of the injected clot. Finally, Toursarkissian demonstrated that about 1/3 of iatrogenic fistulas may close spontaneously within a year [14, 15] . It is a very positive finding, but we never know whether the fistula will have the chance to heal spontaneously when the patient is discharged with the complication. "A small AVF" is a relative term, as its true lumen size is very difficult to assess, and its left-to-right shunt is usually insignificant. However, the negative impact on the venous system has not been investigated previously. Moreover, a complication left untreated may develop into a more serious condition. Therefore, all patent AVF were referred for the closing procedure.
A separate problem is the absence of standard ultrasound criteria for fistula closure. The nature of tissues involved significantly affects imaging. AVFs do not have a regular hypoechogenic morphology (like aneurysms) and are not visible in two-dimensional ultrasound imaging. The needle used is thin and cannot be captured in a still image. The clot has echogenicity similar to the surrounding tissue, which represents mainly haemorrhagic infiltration. The only proof of the patent AVF is a high threshold colour flow (i.e. 96 cm/s). In contrast, the picture of a closed AVF is composed of the cross section of the artery and vein and no flow in colour Doppler imaging.
Conclusions
Clot injection for the treatment of iatrogenic femoral arteriovenous fistula seems to be a safe, cheap and feasible method.
